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EXECUTIVE SUMMARY

Results from a series of deterministic and Monte Carlo runs indicate that the addition of three
bits of noise to the sixteen bit A/D converter used with the gyros that will be mounted on the gyro-
only demonstration ADKEM flight vehicles will not adversely effect system performance. These
results are based on modeling the three bits of noise on the gyros and using Monte Carlo statistical
analysis to quantify its effects on system performance.
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I. INTRODUCTION

Tests in the Guidance and Control integration facility have indicated that three bits of
noise are degrading the gyro data when the real-time controller writes its DAC outputs. RD-
GC-S personnel, in charge of the breadboard coding, have decided that instead of truncating
the last three bits on the sixteen bit A/D, they would allow the noise to remain. It was decided
to simulate this condition by adding three bits of noise to the gyro outputs in the ADKEM
6-DOF digital simulation and analyze the effects on performance. This will also allow the out-
puts from the 6-DOF to be compared to outputs from G&C integration testing. If serious deg-
radation occurs from the use of noisy data, then the alternative would be to truncate the last
three bits of gyro data. The ADKEM simulation and performance is documented in [1,2,3].

II. GENERAL SYSTEM CHARACTERISTICS

Quantization of data in the sensor subroutine causes some error in actual versus sensed
angular rates in the pitch, yaw and roll axes. The addition of three bits of noise will further
degrade the sensed angular rates coming from the gyros. It was decided that the ADKEM
6-DOF simulation would be modified to simulate three bits of noise on the sixteen bit A/D and
system analysis would indicate that the noise was or was not a problem area in terms of effect
on overall system performance. Deterministic and Monte Carlo runs were made in order to
characterize the effect of the noise on the system.

The code that simulates the three bits of noise added to the gyro output is as follows:

PQNT = (NINT((PSM*4095.)/(1500.* DTR))* 8.
+ NINT(14.*RAN(ISEED) -7.)) / (32767. / (1500.DTR))

QQNT = (NINT((QSM*4095.)/(1500.* DTR))* 8.
+ NINT(14.*RAN(ISEED) -7.)) / (32767./ (1500.*DTR))

RQNT = (NINT((RSM*4095.) / (1500.*DTR))*8.
+ NINT(14.*RAN(ISEED) -7.)) / (32767. / (1500.*DTR))

where PSM is the sensed roll rate measured by the roll gyro,
QSM is the sensed pitch rate measured by the pitch gyro,
RSM is the sensed yaw rate measured by the yaw gyro.

The gyro accuracy is dependent on the total range that the gyro can measure and the num-
ber of bits available to represent that measured number. The sixteen bit A/D is available to
measure +1500 degrees per second which is a total range of 3000 degrees per second. This is
the equivalent of using a range of 1500 degrees per second with a fifteen bit A/D available
since

3000./2n = 1500./2 (n - 1)

where n is the number of bits available.

Accordingly, the 4095 is derived from 21 2 = 4096. Since 0 is considered to be an accept-
able number, 0 - 4095 represents 4096. This number is the fifteen bit A/D available, but with
the last three bits truncated for the addition of noise.
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Similarly, the 32767 is derived from 215 = 32768 and again allowing 0 moves the sliding
scale from 0 - 32767. The random number generator picks some number between 0 and 1
with equal probabilities associated with each choice in the interval (uniform distribution). As a
result, the random number added to

NINT ((PSM*4095.)/(1500.*DTR))*8.

which is represented by

NINT(14.*RAN(ISEED) -7.)),

will be some integer from -7 to +7. This range of values represents three bits of noise since
23 = 8.0 and again this represents values from 0 -7.

The gyros are capable of measuring up to ± 1500 degrees per second of angular rate. The
first part of the code takes the actual rate, truncates the last three bits, divides by the range that
the gyro can measure in radians per second and converts that value to to an integer format.
The second part of the code picks a random number between 0 and 1 from a uniform distribu-
tion, multiplies the random number by fourteen, subtracts 7 to map the result into a range be-
tween ± 7 and converts that value to an integer format. The second part is then added to the
first part which is the equivalent of adding three bits of noise to the first thirteen good bits.
The resulting integer is divided by the quantization level for a sixteen bit accuracy number.
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III. RESULTS

When the Monte Carlo runs were made with and without noise added to the gyro output,
the results were similar. For both sets of runs, which consisted of 100 runs per Monte Carlo
set, all cases resulted in successful engagement of the target. The target was placed at 750 feet
downrange and 750 feet crossrange. For the 100 run set without noise, the CEP was 4.21 feet
and 19 out of the 100 cases had miss distances of less than one meter. All 100 cases had an
angle-of-attack at the point of closest approach which was less than one degree. The vertical
component of miss distance had a mean of 2.14 feet and a standard deviation of 3.92 feet. The
y-component of miss distance had a mean of - 0.65 feet and a standard deviation of 3.23 feet.

For the 100 run set with noisy gyros, the CEP was 4.25 feet and 22 out of the 100 cases
had miss distances of less than one meter. All 100 cases had an angle-of-attack at the point of
closest approach which was less than one degree. The vertical component of miss distance had
a mean of 1.86 feet and a standard deviation of 3.89 feet. The y-component of miss distance
had a mean of - 0.63 feet and a standard deviation of 3.33 feet. The largest miss distance re-
corded was 15.513 feet. Eight of the runs had miss distances that were in excess of 10.0 feet.

Deterministic runs were made with the target placed at 750.0 feet downrange, 750.0 feet
crossrange, and with an initial yaw angle of 45.0 degrees. Runs were made for the case of
noisy gyros and gyros with no noise.

Figures 1-10 were generated with the target at 750.0 feet downrange, 750.0 feet
crossrange, and with an initial yaw angle of 45.0 degrees. All the figures are for deterministic
runs.

Figures 1-3 depict the true pitch, yaw, and roll angular rates and the gyro derived values
for the pitch, yaw and roll angular rates versus time for the case of no noise on the gyros. The
roll and yaw rates are so benign that the quantization level is never reached, PQNT and RQNT
remain zero for the entire flight.

Figure 4 expands the region of time between 0.0 and 0.3 for the pitch channel so that the
effects of quantization for the no noise case can be identified.

Figures 5-7 depict thc true pitch, yaw, and roll angular rates and the gyro derived values
for the rates versus time when there are three bits of noise on the sixteen bit A/D.

The output of the quantization code for the noisy gyros is depicted in Figures 8-10. Al-
though the addition of noise is evident from the Figures 8-10, the three bits of noise at worst
case level add only about 0.32 degrees per second to the rates. Since the flight is of exception-
ally short duration, this is equivalent to a worst case of approximately one tenth of a degree of
pitch angle.
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Table 1 presents a twenty run sample of the data generated using noisy gyros. Table 2
presents a twenty run sample of the data generated using gyros with no noise. For each of the
twenty individual runs, the random number seed was identical. So the error sources for both
the noisy gyros and the gyros with no noise were the same. Comparisons for individual runs
from no noise were the same. Comparisons for individual runs from Table 1 versus Table 2
clearly show some difference due to the addition of three bits of noise to the gyros. In all
cases, the difference in results can be considered to be negligible. As a result of this study,
there is no recommendation to truncate the last three bits of gyro data. There is no significant
contribution to system performance if the three bits of noise are allowed to propagate through-
out the flight.

TABLE 1. Noisy Gyros.

Run # Time Miss Distance Total Angle-of-Attack

1 0.3720 10.194761 0.252541
2 0.3715 1.571559 0.151627
3 0.3735 5.889752 0.718475
4 0.3750 4.221075 0.203798
5 0.3690 4.691263 0.076970
6 0.3690 1.308397 0.206063
7 0.3750 5,087620 0.177291
8 0.3705 7.177988 0.197431
9 0.3725 4,174479 0.488148

10 0.3745 3.767153 0.672226
11 0.3720 6.307410 0.143421
12 0.3690 12.261572 0.192022
13 0.3665 7.866381 0.200126
14 0.3705 5.845677 0.251877
15 0.3690 4.887487 0.190072
16 0.3755 3.489435 0.066593
17 0.3710 2.522624 0.125063
18 0.3735 2.791847 0.347327
19 0.3720 4.226913 0.044479
20 0.3700 8.723343 0.169355
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TABLE 2. No Noise.

Run # Time Miss Distance Total Angle-of-Attack

1 0.3720 10.195145 0.254136
2 0.3715 1.639293 0.150164
3 0.3735 5.925084 0.718771
4 0.3750 4.220079 0.201979
5 0.3690 4.796886 0.079784
6 0.3690 1.304805 0.204696
7 0.3750 5.155031 0.185946
8 0.3705 7.228868 0.196987
9 0.3725 4.151514 0.486061
10 0.3745 3.798571 0.672603
11 0.3720 6.300007 0.146244
12 0.3690 12.304220 0.189572
13 0.3665 7.860584 0.202442
14 0.3705 5.880535 0.243554
15 0.3690 4.925600 0.191184
16 0.3755 3.454409 0.063282
17 0.3710 2.568705 0.125924
18 0.3735 2.796681 0.349178
19 0.3720 4.225072 0.047524
20 0.3700 8.772769 0.170381

Table 3 was generated with noisy gyros and with the same conditions as the data for Ta-
ble 1. The only difference is that the data in Table 3 was generated with the 1023 Hz filter and
the 323 Hz notch filter fully operational. The previous results were for cases without these fil-
ters operating. The results are not significantly different. Therefore, in the interest of eliminat-
ing long run times, the simplified version of the sensors was used to generate the 100 run set
Monte Carlo data.

TABLE 3. Noisy Gyros with Notch and 1023 Hz Filter Incorporated.

Run # Time Miss Distance Total Angle-of-Attack
• ..................... eeo.~~~.*.eii..................................

1 0.3716 10.201940 0.251521
2 0.3711 1.617352 0.161430
3 0.3735 5.947808 0.721107
4 0.3746 4.238001 0.209129
5 0.3688 4.823911 0.077953
6 0.3690 1.298272 0.195450
7 0.3749 5.118810 0.205701
8 0.3704 7.313088 0.205767
9 0.3723 4.156935 0.481069

10 0.3745 3.887272 0.683626

15



IV. CONCLUSIONS AND RECOMMENDATIONS

The addition of three bits of noise on the sixteen bit ADC has no appreciable effect on
system performance. The possibility exists that the ADC will change from a sixteen bit to a
fourteen bit conversion. It is also possible that the fourteen bit will only have two bits of
noise. If this occurs, the noise issue will need to be re-examined to make sure there are still no
adverse effects on system performance.

16
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